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M Check for updates

Microplastics (MPs) are global pollutants’, yet their atmospheric distribution is
poorly understood?. Although atmospheric MP measurements have become more
abundant, estimates of emissions into the atmosphere vary by orders of magnitude
Here we compile a global atmospheric MPs dataset and compare it with size-aligned
MP model simulations. Our model simulations show two to four orders of magnitude
overestimation of the measured global median atmospheric MP concentrations.
Measured median concentrations over the ocean are 27 times lower than over the
land (0.003 and 0.08 particles m, respectively). Applying a simple scaling method,
we estimate that oceanic emissions are lower in number than land-based emissions.
The total global land-based and oceanic emissions are 6.1 x 107 (1.3 x 10" to 1.1 x 10%®)

3,4

particles year'and 2.6 x 10 (2.7 x 10° t0 5.0 x 10%°) particles year™, respectively.
Our results indicate that fewer MP particles are emitted into the atmosphere than
previously thought. Land sources dominate the number but not the mass emissions,
indicating that MPs emission size distributions should be investigated further.

Plastic in the ocean was first reported in 1972 (ref. 5) and, since then,
plastics have been found in all environmental compartments. MPs,
defined as particles1 pmto 5 mmin size, can be of primary origin (for
example, tyre wear, abrasives and cosmetics) or formed by fragmen-
tation of larger plastics. MPs have been detected in aquatic environ-
ments®, sediments’, sewage sludge® and air®. Atmospheric emissions
arise from tyre and brake wear, industrial and personal plastic use,
resuspension from oceans'’, soils" and plastic-treated agricultural
fields'>. MPs can travel long distances in the atmosphere, reaching
remote regions such as the Arctic and Antarctica™™.

Nevertheless, measurements of atmospheric abundance and depo-
sition are challenging because of the small particle sizes involved®.
Reported atmospheric concentration levels are extremely variable.
For instance, along the southeast coast of China, reports vary from
0.004 MP m™3 (ref. 16) to 190 MP m (ref. 17). Atmospheric deposi-
tions of 50 MP m~ day were found in a megacity suburban region in
China'®, whereas 3,100 MP m2 day ' were reported atan urbanlocation
in the United Kingdom". Measurement challenges include the lack of a
universal sampling protocol, the unclear statement of minimum detect-
able sizes and size distributions and the incomplete characterization
of particle shapes.

Quantifying the MP cycle requires accurate atmospheric emission
estimates. Different emission datasets exist: bottom-up estimates
based on human activity data and process modelling for resuspen-
sion, aswell astop-down estimates constrained by atmospheric meas-
urements. These estimates differ by orders of magnitude, even for
global totals, and also report different relative source contributions.
Brahney et al.”*® and Evangeliou et al.> combined in situ measurements,
modelling and optimization to quantify the sources of atmospheric
plastic. However, these studies used measurements from one spe-
cific region in the western United States to infer global emissions, a
rather uncertain extrapolation. Both studies report that the ocean

is the dominant source of MPs, with emissions of about 9 Tg year™
for 0-100-pm (ref. 20) and 5-250-pum (ref. 3) size ranges, whereas a
process-based study found only 0.1 Tg year™ (10-280 pum) from the
ocean®, Othersreported evenlower ocean emissions: 0.001 Tg year™ for
1-60 pm (ref. 10) and 0.0007 Tg year™for 0.3-70 pum (ref. 22). Recently,
model simulations using a global ocean emission of 0.0007 Tg year™
reproduced specific MP observations well, suggesting that oceanic
emissions of MPs are negligible compared with land-based sources®.

Here we compile existing atmospheric MP measurements from the
literature (Methods section ‘Compilation of MP measurements’) to
reveal whether they are compatible with estimated emission fluxes. We
compare the measurements over ocean and over land and link them
with the reported emissions. Furthermore, we establish quantitative
source-receptor relationships between the emissions and the meas-
ured concentration and deposition values using a Lagrangian particle
dispersion model (Methods section ‘Source-receptor modelling’). We
reconcile the modelled and measured values and scale the emissions
toimprove the agreement.

Emission estimates

We combined bottom-up estimates for three different emission
sources'”** into one bottom-up (BU) inventory and consider two
published top-down (TD) emission estimates, referred to as TD-B*
and TD-E?, all three adjusted to the MP size range 5-100 pm (Methods
section ‘Emission estimates’). The three emission cases, BU, TD-B and
TD-E, reportemissions that differ by orders of magnitude. Forinstance,
the TD-B population emissions are zero, whereas those of TD-E are
3.0 (1.7-4.3) Tg year™ (Supplementary Table1). The TD-E oceanic emis-
sions are 8.9 (7.8-9.9) Tg year™, whereas the BU ocean emissions are
only 0.001 (0.0003-0.005) Tg year™. The BU bare arid soil emissions
are 0.0001 (0.00004-0.00011) Tg year™, whereas the corresponding
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Fig.1|Frequency distributions of measured and simulated MP
concentrations and depositions. a, Box and whisker plots representing
the frequency distributions of measured (blue boxes) MP concentrations
globally, over land excluding coastal regions and over the ocean, and the
corresponding simulated values at the measurement locations (white boxes)
for top-down (TD-B, TD-E) and bottom-up (BU) emission cases (Methods

TD-B estimateis 0.01(0.005-0.06) Tg year™. The three emission cases
aredepictedin Extended DataFig.1as yearly particle number emission
fluxes (Methods section ‘Emission estimates’). The total global land
emissions are of similar magnitude for the three emission cases but
their spatial patterns are different.

Global MP measurements

We compiled 2,782 MP measurements of air concentration and depo-
sition from 76 studies (Methods ‘Compilation of MP measurements’)
and 283 different locations worldwide (Supplementary Fig. 2). The
datasetincludes 925 atmospheric concentration,1,007 bulk deposition,
556 wet deposition and 294 dry deposition measurements collected
during the period from 2014 to 2024 (Extended Data Fig. 1). The most
commonly found MP shapes were fibres, fragments, microbeads, gran-
ules and films (Supplementary Tables 2-4). The analytical techniques
used to confirm the chemical composition of the particles were mainly
P-Ramanand p-Fourier transforminfrared spectroscopy. The reported
sizes ranged from several microns to several mm.

Atmospheric MP global analysis

Theinterquartile range (25th to 75th percentile) of measured MP atmos-
phericconcentrationsstretches from 0.002to 0.1 particles m™, witha
medianvalue of 0.03 particles m™and a mean value of 31 particles m™
(Fig.1and Supplementary Tables 5and 6). The bulk deposition ranges
from 5.8 x107°t0 0.002 particles m2s™, with a median of 0.0004 par-
ticles m2s?and a mean value of 0.005 particlesm2s™.

Excluding coastal areas, the median measured MP concentration over
landis 0.08 particles m™, whereas over the seaitis 0.003 particles m™.
Ignoring air mass transport as well as differences in vertical mixing, this
suggests that the emission number flux densities over land are afactor
of 27 higher than over the sea. Because the higher terrestrial emissions

section ‘Emission estimates’). The boxes extend from the first quartile to the
third quartile of the data, with aline at the median. The whiskers extend from
theboxbyl.5timestheinterquartile range. The greentriangles correspond
to the mean values. nis the number of data points. b, Same as abut for MP bulk
deposition.

may also contribute substantially to the MP concentrations over the
oceans, the real land/ocean emission density ratio may actually be
substantially higher. For the TD-B, TD-E and BU cases, dividing the land
and oceanictotal fluxes (Supplementary Table 1) by the respective land
and ocean surface areas, the corresponding mass (number) emission
flux density ratios are 0.04, 0.9 and 835 (12,48 and 148,450). Although
this highlights the sensitivity of the results to the assumed size distri-
butions and the conversion of mass to number values, it nevertheless
seems likely that the TD inventories have atoo low land/ocean emission
ratio, whereas the opposite is true for the BU case.

The median observed MP bulk deposition over land is 0.0006 par-
ticles m2s™. Over the sea, there exist only a few measurements near
coastlines close toland sourceswithamedian of 0.0001 particles m2s™.
Nevertheless, this confirms adominance of land-based particle number
emissions and indicates that most of the suspended MPs are deposited
close to their terrestrial emission sources.

To compare modelled and measured MPs, it is necessary to align
eachmodelled value to the measured size range reported for the cor-
responding observation (Supplementary Text 3). When comparing the
global median modelled with the global median observed MP atmos-
pheric concentrations and bulk deposition, we find that the model
overestimates the observations by two to four orders of magnitude
for all three emission cases (Fig. 1). Over land, the overestimation of
atmospheric concentrationsis particularly large. There the measured
median is only 0.08 particles m~, whereas simulated median values
range from 105 particles m~ for the TD-B case to 1,506 particles m™
for the TD-E case (Supplementary Table 5). The deposition fluxes
over land are not as strongly overestimated by the model as the con-
centrations; however, still overestimations of factors of 67-20,500
are found. Over the ocean, the measured median concentration
of 0.003 particles m~is also strongly overestimated by the model
(0.2 to 13.9 particles m™ for the three emission cases) but not as
strongly as over land.
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For the global bulk deposition, the TD-B case (0.05 particles m2s™)
bestreproduces the observed median value (0.0004 particles m2s™);
however, it still overestimates considerably. An interesting finding is
thatthe BU case leads to similarly high overestimation over the oceanas
the other two cases, even with an ocean emission flux that is almost four
orders of magnitude lower. This implies that transport of overestimated
land emissions causes the deposition overestimation over the sea.

Overall, there is little correlation between model-simulated and
observed MP concentrations and depositions (Methods section ‘Sta-
tistics’and Supplementary Fig. 3). The best correlation (r= 0.33) for
the concentrations is found for the BU emission case (Supplementary
Fig.3cand Supplementary Table 7), which better reproduces the large
observedland-seacontraststhanthe other cases. Varying the modelled
wetscavenging (Methods section ‘Source-receptor modelling’) does
not change the simulated values substantially, indicating that MPs are
primarily removed by settling-driven dry deposition.

Scaled land and oceanic emissions

The poor spatial coverage and large variability of the available meas-
urements, and the fact that the available emissions lead to strong over-
estimation of the measurements, do not provide a robust basis for
improving the emissions with a formal inverse modelling approach
or adjusting the emissions regionally. We therefore choose a simple
scaling approach, with only two global scaling factors for land and
ocean emissions (Methods section ‘Emission scaling’). As a basis, we
use the BU emissions, as they are independent of the measurements
andalso produce the best correlation between measured and modelled
concentrations.

The resulting land and ocean scaling factors are 0.0013 (0.0003-
0.0023) and 3.63 (0.37-6.88), respectively. The scaling leads to aver-
age terrestrial and oceanic emission fluxes of 2,660 (560-4,770) and
57 (6-107) particles myear™, respectively, with asignificant difference
between TD and BU and scaled BU terrestrial emissions (Fig. 2 and Sup-
plementary Table 1). The total emitted MPs are 6.1 x 10" (1.3 x 10" to
1.1x10%) particles yearforland or 0.0005 (0.0001-0.0009) Tg year™.
For the ocean, the respective emissions are 2.6 x 10 (2.7 x 10" to
5.0 x10%) particles year™ or 0.004 (0.0005-0.008) Tg year™.

Using the scaled BU emissions, the modelled values are in much
better agreement with the measurements than when using any of the
unscaled emissions (Supplementary Fig. 3 and Supplementary Tables 5,
6and 7). Thestatistical performance measures for the deposition values
also improved considerably, even though deposition data were not
used for the scaling.

Frequency distributions for the MP measured and scaled BU
simulated values for nine regions (Supplementary Fig. 2) are shown
in Extended Data Fig. 2 and for the unscaled TD-B and TD-E simula-
tions in Supplementary Fig. 5. The highest median MP concentration
(0.1 particles m™) is observed over Europe, whereas the highest mean
concentration (80 particles m™)isrecorded over East Asia. South Asia
exhibits the lowest measured median MP concentration. In terms of
bulk deposition, East Asia shows the highest measured median value
(0.001 particles m™s™), whereas Antarctica has the lowest observed
value (5 x 107 particles m2s™). Overall, the model using scaled BU
emissionsreproduces the regional variability, although there are excep-
tions (Supplementary Figs. 6-14). For instance, over North America,
deposition values arerelatively well reproduced but atmospheric con-
centrations are strongly overestimated. Terrestrial emissions are the
prevalentsourceinall regions except for Antarctica, in which oceanic
emissions dominate.

Discussion and conclusions

Aligning the modelled values to the measured size ranges shows that
the emissions are overestimated by both top-down and bottom-up
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Fig.2|Scaled bottom-up emissions and comparison with top-down and
bottom-up estimates. a, The scaled bottom-up number emissions (colour
shading) and contribution of the land emissions to the simulated values over
the ocean (coloured X markers) (Methods section ‘Emissionscaling’). b, Total
mass emissions with their 90% confidence intervals forland and ocean, for the
TD-B, TD-E,BUand scaled BU (indicated as sc-BU) cases.

inventories, mainly because of overestimated terrestrial emissions.
After the emission scaling, we estimate global MP emissions of 0.0045
(0.0006-0.0089) Tg year™ in the size range 5-100 pm (Supplemen-
tary Table 1). Fu etal.* calculated global MP emissions of 0.32 Tg year™
for sizes of 0.3-70 pm, which is still two orders of magnitude larger
than our estimate.

The estimated MP land emissions differ significantly from those
of previous TD and BU studies (Fig. 2b and Supplementary Table 1).
Fuetal.*reported 0.15 Tg year ' emitted from terrestrial sources, com-
pared with our scaled emissions of 0.0005 Tg year™. We further esti-
mate annual global MP marine emissions of 0.004 (0.0005-0.008) Tg
for particles of 5-100 um, which is relatively close to our BU estimate
but much lower than the TD-E one (Fig. 2b and Supplementary Table 1).
Studies upscaling experimental results have reported 2 x 107 (<10 pm),
8 x107*(0.3-70 pm) and 0.1 (10-280 pum) Tg year™ (refs. 21,22,25),
revealing a systematic dependence on the size range considered,



as also discussed by Shaw et al.”. Shaw et al.’s rather high emission
estimateincludes particles of sizes that may not remain airborne long
enoughtobetransportedinthe atmosphere over substantial distances.
Overall, when considering differences in size ranges, our scaled emis-
sionsarebroadly consistentwiththeabove process-basedstudies.Onthe
other hand, previous TD studies have reported much higher marine
emissions**?° that are not consistent with the available MP measure-
ment data over the open ocean. This overestimate can probably
be explained by inversion artefacts produced when using terrestrial
MP data to constrain oceanic sources.

Simulations using our scaled emissions still show systematic devia-
tions from the measurements (Supplementary Fig. 3d,h). With more
observation data becoming available in the future, this could be
improved by conducting regional or emission-sector-specific emis-
sion scaling. Eventually, inverse modelling could help constrain the
emissions. However, with the available measurement data at present
and highly uncertain emissions, this approachis not considered robust
enough. Progress in estimating emissionsis also limited by the poorly
known emission factors for various human activities and the lack of
information onemission size distributions. This can make the conver-
sion of mass values to number values, and vice versa, uncertain by
several orders of magnitude and makes comparisons with measure-
ments difficult. Future research should focus onresolving the MP size
distribution of both emissions and measured atmospheric MPs and on
extending the measured size range to smaller MPs and nanoplastics.
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Methods

Emission estimates

So far,noatmosphericemissioninventory exists that covers allknown
MP sources. Traffic emissions are considered one of the largest primary
MP environmental sources?*?. We used the bottom-up emissions as
describedinref. 24 (Supplementary Text 1), which compiles emissions
from tyre wear, brake wear, road markings and road surface wear.
Recently, Buccietal.'’ and Evangelou et al." estimated the resuspension
emissions from the ocean and from bare arid soils, respectively. Both
studies reported bottom-up estimates based on process modelling of
therespective source. We combined the traffic, ocean and bare arid soil
emissions and refer to this emission case as ‘bottom-up’ (BU). Notice
that potentially important emissions are missing from this inventory
(for example, emissions from clothing, industrial sources and so on).
No reliable bottom-up emission estimates exist for these sources but
we assume that their spatial distribution is similar to the traffic emis-
sions. Traffic emissions may thus serve as a proxy for all primary MP
emissions.

Inthe study of Brahney et al.?®, emissions from the ocean, traffic, min-
eraldust, agricultural dust and population activities were estimated on
thebasis of proxies, such as population density, seaspray and mineral
dust emissions. An atmospheric transport model was then fed with
these emissions and the resulting simulated values were compared with
in situ measurements of MP deposition in the western United States.
The emissions were then optimized top-down. Following the study of
Brahney etal., Evangeliou et al.? presented a different top-down emis-
sion estimate using the same measurements but a different modelling
andinversion approach. We refer to these two top-down (TD) emission
inventories as TD-B and TD-E for Brahney et al. and Evangeliou et al.,
respectively.

All three emission datasets were regridded to a 0.5° x 0.5° spatial
resolution. The TD-B and TD-E emission estimates are available at yearly
and 6-htimeresolution, respectively. BU traffic-related MP emissions
are given at yearly and the oceanic and resuspension MP emissions at
6-hresolution.

The total mass emissions of each sector were weighted to the four
size bins 5-10,10-25, 25-50 and 50-100 pm used for atmospheric
transport modelling (Supplementary Table1), on the basis of one size
distribution per sector (Supplementary Text 1 and Supplementary
Fig.1). Thus, the emission magnitude of the different emission cases
canbe compared, as thesize distributioninfluence is the same forevery
estimate.

MP emissions are mostly reported inmass units, whereas most atmos-
pheric MP measurements are reported as number concentrations,
whichrequires aconversion thatis sensitive to the underlying assumed
size distributions. The emissions were converted from particle mass
to particle number units using the geometric mean size of each size
bin and assuming a spherical shape, except for the TD-E population
sector, for which fibres were assumed.

Compilation of MP measurements

Measurements of atmospheric MP concentration and bulk, wet and
dry deposition were collected from reports in the literature. Studies
were included only if they reported the sampling location and dates,
theidentified particle sizes and shapes and the measured air concentra-
tion or deposition of MPs, expressed as number (or mass) per volume
of air or, for deposition measurements, per m? per sampling period
or day, respectively.

The MP measurement dataset is available with information about the
study (author name, year of publication, DOI), the location (longitude,
latitude and, if applicable, height above sea level), time of sampling
(startand end date), type of measurement (air concentration, bulk, wet
ordry deposition) and measured value (in number and mass units). The
shapes and sizes of the particles are also included, as well as the code

oftheregioninwhich we classified the measurement (Supplementary
Fig.2) and the type of sampling region (land, coastal, sea).

Because most studies reported the abundance of MPs in number of
particles found, we converted all of the mass data values into number
values (Supplementary Text 2). The resulting MP values for concentra-
tion and deposition in units of particles m~ and particlesm2s™ are
shownin Extended Data Fig. 1.

Source-receptor modelling

Toestablish quantitative relationships between the emission sources
and the measured air concentrations and deposition values, we used
the Lagrangian particle dispersion model FLEXPART version 11 (ref. 28).
FLEXPART offers an efficient option to calculate emission sensitivities
through backward-in-time calculations from the location and times
of air concentration?*° and deposition measurements®. The emis-
sion sensitivity matrices provide quantitative relationships between
potential sources and measurements. When multiplied by the spatially
resolved emission fluxes from the three inventories, modelled air con-
centrations and deposition values that correspond in space and time
with the measured values can be calculated.

The model was driven with ERA5S meteorological reanalysis data® with
hourly time resolutionand 0.5° x 0.5° spatial resolution with138 vertical
levels. FLEXPART accounts for in-cloud and below-cloud wet scaveng-
ing, dry deposition, as well as shape-dependent and size-dependent
gravitational settling. For simulating thein-cloud scavenging, the cloud
condensation nuclei and ice nuclei efficiencies were set to 0.05 and
0.15, respectively, as a base case®. Cloud condensation nuclei and ice
nuclei efficiencies of 0.001 and 0.01 as well as 0.5 and 0.8 (minimum
and maximum scavenging case) were also used for calculating the
sensitivity of the simulation results to the wet scavenging.

For air concentration measurements, we released 100,000 virtual
particles within alayer of 0-50 mabove ground level at the location and
time of each measurement sample (for shipboard measurements, we
released ata height of 30 m). For deposition values, we traced wet and
drydeposition separately backward by releasing 100,000 virtual parti-
cleswithinthe lowest 30 mfor dry deposition and 1,000,000 particles
within the whole atmospheric column for wet deposition®. For total
deposition, the emission sensitivity fields for dry and wet deposition
were combined. We tracked the particles backward in time for at least
60 days, which corresponds to several times the expected atmospheric
lifetime of micrometre-sized particles.

We simulated four particle size bins, 5-10, 10-25, 25-50 and
50-100 pm. For the simulations, we specified the shape according to
the dominant shape reported by the respective experimental study
or, if the percentage contribution of several shapes was reported, we
weighted the measured values with the reported percentages and
simulated the different shapes.

Fibres and fragments were simulated as cylinders with an aspect ratio
(thatis, length-to-diameter ratio) corresponding to the measurements
orwithanaspectratio of 40 and 2, respectively, if no information was
available. Films were simulated as square-shaped particles with a thick-
ness (smallest dimension) of 5 um (ref. 34). All other morphologies were
assumed to be spherical. The particle density was set to 1,200 kg m™.
The simulated values were aligned to correspond with the measured
sizerange of the respective study, using the simulated size distribution
(Supplementary Text 3).

Statistics
Todetermine the agreement between observed and modelled values,
we used the following statistical measures: the Pearson correlation
coefficient (r), the fractional bias (FB), the factor of exceedance (FOEX),
the root mean squared error (RMSE) and the fraction of predictions
within afactor of ten of the observations (FAC10).

For Npairs of observations (C, ) and simulations (C, ), the statistical
measures are defined as:
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FAC10 is defined as the fraction of data for which:
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in which C, is the mean of the observed values, C, is the mean of the
simulated values and N(C >C, ) is the number of overpredictions. It
istruethatre[-1,1],FBe [~ 2 2] FOEXe[ 50%, 50%]and RMSE € [0, «].

The Pearson correlation coefficient r measures the linear correla-
tionbetween the observed and simulated values. The FB evaluates the
meanrelative difference between predicted and observed values and
isbounded between -2 and 2, with O indicating no bias. FOEX shows
whether a model tends to overpredict or underpredict the measure-
ments. A FOEX value equal to -50% means that all of the values are
underpredicted, whereas a value of 50% shows that all of the values
are overpredicted. RMSE is a variation metric, and a value of 0 would
indicate a perfect fit to the data. FAC10 gives the fraction of simulated
values that are within a factor of 10 of the observed values.

Emissionscaling
Because observed median MP concentrations over the ocean are only
4% (3%-6%) of those over land, measurements over land are unlikely to
bestrongly influenced by the advection of oceanic MPs. Therefore, we
first scale the terrestrial emissions such that the mean modelled and
observed concentrations over land areidentical and subsequently scale
the oceanicemissionsin the same way but using only observations that
are not heavily influenced by the land emissions.

We determined the ratio R of observed and BU-model-simulated
mean atmospheric concentrations over land (n = 407; Supplemen-
tary Fig.4):

Obsland
SIMgnqg

R= (6)

in which obs,,,q and simy,,4 are the mean observed and simulated
values, respectively. Subsequently, we scaled the sum of the terrestrial
BU emissions with R, while preserving the BU emission spatial distribu-
tion. This way, we avoid artificially reducing uncertainties in regions
lacking observations. A 90% two-sided confidence interval was derived
for the emission scaling factor based on error propagation of the under-
lying uncertainties of the ratio (Supplementary Text 4).
Usingthescaled terrestrial emissions, we simulated again the concen-
trations over the ocean using BU emissions and identified the measure-
mentsamples in which the oceanic MP contribution was larger than the
scaled terrestrial contribution (thatis, oceanic contribution larger than
50%). This left 33 measurements over the open ocean (Supplementary
Fig.4). We then subtracted the modelled terrestrial contribution from
the measurements and scaled the oceanic BU emissions with the ratio

of the mean measurement residual and the modelled oceanic contribu-
tion. The uncertainty of the oceanic scaling factor was calculated in the
same way as for land. Notice that the relative uncertainty of the scaling
factorislarger for the oceanthanforland, owingto the smaller sample
size and sparser spatial coverage. The difference in our scaled emissions
compared with previous studies** originates primarily from our much
larger and globally more representative measurement dataset, includ-
ing many measurements from East Asiaand over the ocean. Infact, the
mean modelled oceanic emission contribution to the measurement

locations used in Brahney et al.”® and Evangeliou et al.?is minor (3% and

0.25% for TD-B and TD-E emission cases, respectively). This indicates
that these measurements madein the continental interior are not suf-
ficient to constrain the oceanic MP source and that MP measurements
over the open sea are necessary. Further reasons for the difference in
our scaled emissions are methodological differences and our alignment
of measured and modelled size distributions.
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bottom-up BU and scaled BU MP emissions are also available in the
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The Lagrangian particle dispersion model FLEXPART version11is open
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Extended DataFig.1|MP emissions from threeinventories and measured
MP concentrations and depositions. a, Sumof TD-B traffic (TR) and agricultural
(AGR) MP emissionsin particles m?year™ for the size range 5-100 pm. b, Same
asinabut for the sum of TD-B mineral dust (MD) and oceanic (OC) emissions.
c,Sameasinabutforthe sumof TD-E TR, AGR and population (POP) emissions.

10~° 1077 10> 1073 1071
Deposition (particles m=2 s71)

d,Sameasinabut for thesumof TD-EMD and OC emissions. e, Sameasina
but for BU TR emissions. f, Same as inabut for the sum of BUMD and OC
emissions. g, Compilation of measured MP concentrations (Supplementary
Tables2and 3). h, Compilation of bulk, wet and dry deposition measurements
(Supplementary Table 4).
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Extended DataFig.2|Frequency distributions of measured and simulated
MP concentrations and depositions after the emissionscaling.a, Boxand
whisker plots representing the frequency distributions of measured (blue boxes)
and simulated (white boxes) MP concentrations using the scaled bottom-up
emissions for the nine regions (Supplementary Fig. 2). The boxes extend from
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thefirst quartile to the third quartile of the data, with aline at the median. The
whiskers extend fromthebox by 1.5 times theinterquartilerange. The green
triangles correspond to the meanvalues. nisthe number of data points. b, Same
asabut for the MPbulk depositions.
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